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Abstract
The title compound, C21H15NO3, shows a second-order phase transition above 313 K. Both phases are noncentrosymmetric. According to semi-empirical calculations, these polar crystals are liable to exhibit secondorder hyperpolarizability.
Comment
In the framework of our investigation of anthraquinone dyes, we studied 1-hydroxy-4-(4-methylphenylamino)-9,10-anthraquinone, (I), which is also known as Solvent Violet 13 or Disperse Blue 72.
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The molecules of (I) form stacks along [100], with an interplanar distance of 3.50 ~,. There are two independent molecules, 1 and 2, which have essentially the same conformation (the difference in torsion angles is less than 4 °) and orientation (within 1°). Molecule 2 coincides with molecule 1 through vector shift (0.000, -0.019, 0.500), i.e. the structure contains pseudotranslation c/2. As a result, the reflections with odd l indices are much less intense than those with even l indices. The formation of a superlattice could be described as the shift of alternate molecules by 0.28 A along the y axis. This type of ordering often results from a frozenmode phase transition. The intensities of the strongest reflections with odd l indices decrease by a factor of 3.7-4.2 as the temperature increases from 291 to 298 K. At 303 and 313 K, only one such reflection (i,11,9) remains to be observed and at 333 K, all reflections with odd l indices are unobserved. At the same time, only a 1% loss in the intensities of the strong reflections with even I indices occurs and the volume thermal expansion is less than 0.7%. These variations indicate that the modulation along y decreases as the temperature increases and above 313 K becomes equal to zero, i.e. the second-order phase transition has taken place. The volume of the high-temperature unit cell is half that of the low-temperature one (c/c' -0.5), but space group P21 is retained. In order to evaluate the potential polar and nonlinear optical properties of crystals, semi-empirical computations of the electronic structure and polarizability with geometry optimization were carried out using the MOPAC6.0 package (Stewart, 1990) . The calculations with full geometry optimization overestimate strongly the degree of the tricyclic distortion; the dihe-dral angle formed by the terminal rings is 24 ° according AM1 calculations, 20 ° according to PM3 calculations and only 2 ° from X-ray data. The AM1 parametrization reproduces the conformation of the tolylamino group better than PM3; the observed, AMl-calculated and PM3-calculated torsion-angle values for C3--C4--N4--C15 are 11, 26 and 47 °, respectively, and for C4 N4--C15--C16 are -140, -151 and -159 °, respectively. Thus, we have concluded that PM3 underestimates the 7r conjugation of the amino group and quinonoid moiety, and the MNDO-AM1 Hamiltonian method has been used for further calculations. Moreover, the anthraquinone moiety (the tricycle with the O 1, N4, 09 and O 10 atoms) was considered to be planar and the two above mentioned torsion angles were fixed at their experimental values. Comparison of the experimental geometry with that obtained from semi-empirical calculations shows that the 7r conjugation in the ketohydroxy and ketoamino cells is more considerable in the crystals than is evident from the calculations. The shortening of the N4--C4 bond relative to the N4 C 15 bond is the most prominent; 0.052 (X-ray) and 0.027 ,~ (AM1).
The calculated dipole moment is almost normal to the long axis of the tricycle and forms an angle of 60 ° with the crystallographic y axis, i.e. the #: component is equal to 1 D. The crystal field is supposed to increase the charge transfer along the tricycle axis simultaneously with the increase of #y, so the crystal is liable to have permanent dipole properties. The direction of the largest molecular second-order hyperpolarizability/3 is almost coincident with the long axis and forms an angle of 75 ° with the dipole moment. The values of /3 in perpendicular directions are four times smaller and the value of/3 along the dipole moment is therefore only 2.1 x 10 -3o e.s.u. The molecular packing is close to optimal and the largest of the non-linearity coefficients of the unit cell (per one molecule), byyy, is 5.4 x 10 -30 e.s.u., i.e. 73% of the largest/3. O1--C1 1.350 (7) C2A----C3A O IA---C IA 1.359 (7) C3---C4 O9--C9 1.236 (7) C3A---C4A O9A----C9A 1.273 (8) C4--C 14 OI0---CI0 1.229 (7) C4A---C 14A Ol 0A---CIOA 1.256 (8) C9----C 13 N4---C4 1.353 (8) C9----C 12 N4---C15 1.420(81 C9A---CI 3A N4A--C4A 1.363 (8) C9A----C 12A N4A---C 15A 1.401 (9) C 10---C 14 C1--C13 1.389(91 C10---CI 1 C1---C2 1.406(10) C 10A----C 14A C IA---C 13A 1.382 (9) CIOA---CI IA C IA----C2A 1.389 (10) CI4----C 13 C2--C3 1.356 (9) C14A---C 13A
